Summary. Introduction: Since premature males are more likely to be diagnosed with bronchopulmonary dysplasia we hypothesized that differences in respiratory outcomes after initial hospital discharge and during the first 3 years of life would exist between females and males diagnosed with BPD. Methods: Subjects with the diagnosis of BPD were recruited from the Johns Hopkins Bronchopulmonary Dysplasia Clinic between 2008 and 2014. Clinical features were assessed through chart review (n ¼ 482). Respiratory morbidities were assessed by caregiver questionnaires at clinic visits (n ¼ 429), including emergency department visits, hospital admissions, systemic steroid use, and antibiotic use for respiratory reasons since the last BPD clinic visit or after initial hospital discharge if assessed at the first visit. Results: Male infants weighed significantly more at birth, had higher birth weight percentiles and were more likely to be non-white compared to female infants. The frequency of ever acute care use was 36.9% for emergency department visits, 27.4% for hospital admissions, 36.9% for systemic steroid use, and 40.5% for antibiotic use for a respiratory illness. No differences in respiratory morbidities were found between males and females. Females however, tended to be weaned from supplemental oxygen over 3 months later than males. Conclusions: Compared to females with BPD, males were more likely to weigh more, have higher birth weight percentiles and be non-white. After initial hospital discharge, there were no difference in respiratory morbidities between males and females with BPD. Female infants however were more likely to be weaned from supplemental oxygen at a later age than male infants.
INTRODUCTION
Advances in neonatal care continue to improve survival of preterm infants. 1, 2 However, despite the many technological improvements the risk of developing bronchopulmonary dysplasia (BPD) remains high, especially among the lowest birth weight infants (<1,000 g). 3, 4 Due to the chronicity of respiratory symptoms, many children with BPD require prolong outpatient management for their lung disease following initial hospital discharge.
Studies have demonstrated, a predilection for BPD development in male versus female preterm infants 5, 6 with some studies reporting that very low birth weight (<1,500 g) males have a 1.36-2.00 risk of developing BPD compared to female infants. [7] [8] [9] [10] [11] [12] Males also have been shown to have a higher risk of developing more severe BPD. 3, 6 Differences in hormones, surfactant homeostasis, and/or corticosteroid responses may underlie these gender differences. 13 Other studies reported, a higher risk of readmission and respiratory morbidities in male preterm infants with or without BPD, with male infants 1.33 times more likely to be readmitted by 18-22 months of age 14 and 1.5 times more likely to have respiratory morbidities at 2 years of age. 15 Nevertheless, few studies have examined gender differences in children with BPD after initial hospital discharge, with regard to patient characteristics and respiratory outcomes. For instance, little is known whether gender influences the need for enteral tube use, supplemental oxygen, medication use or need for hospital readmission [16] [17] [18] in children with BPD after initial hospital discharge. The aims of this study were to determine if differences in patient characteristics and respiratory outcomes exist between female and male children with BPD after hospital discharge. In this study, 482 infants and children diagnosed with BPD were recruited from an outpatient BPD clinic. The potential association of gender on acute care usage, respiratory symptoms and need for medical interventions, including supplemental oxygen and gastric tube placement for nutrition was examined and secondary analysis by race/ ethnicity was performed.
METHODS

Study Sample
All subjects (n ¼ 482) were recruited from the Johns Hopkins Bronchopulmonary Dysplasia Clinic between January 2008 and January 2014. Patients are referred to the clinic by area neonatal intensive care units on the basis of prematurity and having respiratory disease. Subjects were recruited by a data coordinator if they met the inclusion criteria, which included (i) a diagnosis of BPD based on available records made by the staffing pediatric pulmonologist (using NICHD criteria) 19 and (ii) born at 36 weeks of gestation. This study was approved by the Johns Hopkins University Institutional Review Board with informed consent from parents/guardians.
Demographics and Clinical Data
Birth weight percentile was derived from published U.S. norms. 20 The presence/absence of gastrostomy tubes and respiratory support were ascertained at the first BPD clinic encounter through chart review. Insurance coverage (private vs. public) was obtained from billing records. Race/ethnicity and primary caregiver education level were self-reported. For the purposes of analysis only, any subject with any reported non-white ancestry was categorized as nonwhite. Median household income was derived from 2010 U.S. Census data (www.quickfacts.census.gov). Clinical data were obtained through chart review, including dates of initial discharge and first BPD clinic encounter. Supplemental oxygen, ventilators, gastrostomy tubes, and/or Nissen fundoplications were defined by their presence/absence at the first clinic visit. Inhaled corticosteroid use was defined by any documented use in the first 2 years of life. Pulmonary hypertension was defined by the presence of any pulmonary hypertension present on echocardiography on or after 2 months of age.
Respiratory Morbidities
Respiratory morbidities were assessed using Yes/No questions on questionnaires obtained as a sample of convenience from caregivers at clinic visits (see Supplement for questions). Questionnaires were only included if obtained prior to 3 years of age. Primary outcomes included emergency department visits, hospital admissions, systemic steroid use, and antibiotic use for respiratory reasons since the last BPD clinic visit (or since initial hospital discharge if assessed at the first BPD clinic visit). Secondary outcomes included the presence/ absence of trouble breathing, rescue beta-agonist use, activity limitations, and nighttime symptoms. A total of 1,099 questionnaires were completed for 429 subjects prior to the age of 3 years with 3.1% of all questions left blank by caregivers (Mean number of questionnaires per subject: 2.6 AE 1.8; Range: 1-13).
Supplemental Oxygen Weaning
Subjects who underwent weaning under the supervision of the BPD clinic were assessed on extended pulseoximetry in clinic while awake with subsequent weaning during sleep assessed through home pulse-oximetry or overnight polysomnography at the discretion of the staffing pulmonologist. Unsupervised weaning was noted when a subject on oxygen returned to clinic without oxygen and the caregiver reported stopping oxygen use.
Statistical Methods
Demographic frequencies and clinical outcomes stratified by sex were compared using ANOVA with Bonferroni correction for the number of comparisons (six) made between demographic groups (corrected intragroup P values are reported), chi square, and t tests (Tables 1 and 2 ). Kaplan-Meier methodology was used to analyze the time at which subjects on home supplemental oxygen via nasal cannula were weaned off oxygen stratified by SHS exposure and unadjusted for other factors ( Fig. 1A and B) . Subjects who were lost to followup or who were still on oxygen at the time of analysis had their data censored. The relationship between sex and respiratory morbidities at each clinical visit was assessed using logistic regression adjusted for the age of the subject at the time of questionnaire completion, and factors that differed between males and females, specifically socioeconomic status (log of estimated household income), race/ethnicity, and birth weight percentile (Table 3) . 21 As caregivers may have completed questionnaires at several clinic visits, the logistic regressions accounted for the possibility of more than one questionnaire per subject using Generalized Estimating Equations (GEE) methodology (clustered by subject). STATA IC 11 (StataCorp LP, Non-white females are born at earlier gestational ages than white females (P ¼ 0.009) and white males (P ¼ 0.001). White males are born at later gestational ages than non-white females (P ¼ 0.001) and non-white males (P ¼ 0.011). 4 Non-white females have lower birth weights than white females (P ¼ 0.001), non-white males (P ¼ 0.039), and white males (P < 0.001). White males have higher birth weights than non-white females (P < 0.001) and non-white males (P < 0.001). 5 Non-white females have a lower birth weight percentile than white females (P ¼ 0.003) and white males (P < 0.001). White males have a higher birth percentile than non-white females (P < 0.001) and white females (P ¼ 0.041). 6 There was no difference between non-white females and non-white males (P ¼ 1.00) or white females and white males (P ¼ 0.97), but all comparisons between any non-white gender group and any white gender group were significant (P range:
<0.001-0.030).
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White males were discharged from the NICU at an earlier age than non-white males (P ¼ 0.019), and all whites were discharged earlier than non-whites (t test P-value <0.001).
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College Station, TX) was used for all statistical analyses. P values <0.05 were considered statistically significant.
RESULTS
Demographics
A total of 515 subjects were approached to participate in this study. Six declined to participate and an additional 27 did not meet study inclusion criteria. Among the 482 subjects recruited for this study (including 31 pairs of twins or two triplets from a trio), there was a predominance of male subjects (61%) which was similar to the non-participating subjects (61%; n ¼ 33; P ¼ 0.97). In our study, the majority of subjects were non-white (65.7% with 92.4% of non-whites self-reporting being African-American or black).
Interestingly, the predominance of non-white subjects in our study was greater than that found in the surrounding general population and may reflect the greater risk of preterm birth in minority populations.
1 Of the 28.6% (n ¼ 138) subjects who resided within Baltimore City, 89.1% were non-white compared to 71.7% of the general population within Baltimore City as reported on the 2010 U.S. census. Of the 30.5% (n ¼ 147) who resided in the surrounding Baltimore County, 64.0% were non-white, compared to 39.5% of the general population of Baltimore County. Of the remaining subjects, 38.0% (n ¼ 183) resided elsewhere in Maryland and 2.9% (n ¼ 14) resided in an adjacent state. In this study population, male children with BPD were more likely to be non-white (70.8%) compared to female children with BPD (57.8%; P ¼ 0.003). There were no sex differences by residential location defined as categories of Baltimore City, Baltimore County, other Maryland locations, and out-of-state (P ¼ 0.08). The mean gestational age at birth for the population was 26.9 AE 2.9 weeks and this did not differ by sex; however, females had significantly lower birth weight (P ¼ 0.018) and lower birth weight percentile (P < 0.001) than males of similar gestational age (Table 1) . Female subjects resided in households with a higher estimated median household income ($66,101) than males ($61,218; P ¼ 0.015). As reference, the median household income for the state of Maryland, where 97.3% of subjects reside, is $70,004. However, this difference between males and females became non-significant in a regression adjusted for race/ethnicity (sex co-efficient P ¼ 0.12) as a higher proportion of males (70.8%) were self-reported as non-white compared to females (57.8%). There were no differences between sexes in rates of public versus private insurance coverage, highest level of caregiver education, or environmental tobacco smoke exposure in the home.
Clinical Data
There were no differences in the mean age of discharge from the neonatal intensive care unit (4.1 AE 2.8 months) or mean age at the time of the first visit to BPD clinic (7.7 AE 5.8 months) between sexes. Among the study population, 36.3% were on supplemental oxygen, 2.7% were on home ventilators, 23.7% had gastrostomy tubes, and 16.2% had Nissen fundoplications (68.4% of those with gastrostomy tubes) at the first clinic visit, and again there were no differences between sexes. A total of 14.1% of subjects had pulmonary hypertension present after 2 months of age, but this was not different between males and females. Additionally, a majority of subjects (78.6%) received inhaled corticosteroids during the first 2 years of life with no difference between the sexes in terms of frequency in being prescribed. To capture a population of children with more severe BPD (Table 2) , we examined demographic differences between males and females for subjects who required home respiratory support (supplemental oxygen and/or home ventilator), at their first clinic visit. The 181 subjects receiving respiratory support at home included 168 children on supplemental oxygen via nasal cannula and 13 children on home mechanical ventilation. Among these subjects (n ¼ 181), females had a lower birth weight percentile (P ¼ 0.044) and higher median household income (P ¼ 0.004) compared to males. Females on respiratory support at home were also more likely to have a gastrostomy tube (47.1%) compared to males (31.9%; P ¼ 0.041).
Respiratory Morbidities
Out of the 482 subjects in the study population, 429 had completed at least one questionnaire assessing for respiratory morbidities prior to 3 years of age. On average these subjects completed 2.6 AE 1.8 questionnaires [Range: [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . There was no difference in the frequency of questionnaires completed between male and female subjects (P ¼ 0.25). The frequency of acute care use on any questionnaire ever was 36.9% for emergency department visits, 27.4% for hospital admissions, 36.9% for systemic steroid use, and 40.5% for antibiotic use for a respiratory illness. The frequency of chronic symptoms within the past week was 53.8% for symptoms, such as coughing or wheezing during the day, 40.4% for beta-agonist rescue medication use, 25.2% for activity limitations, and 33.1% for nighttime symptoms. We tested for the association between respiratory morbidities and sex using logistic regression models adjusted for age at the time of form completion, and clustered by subject to account for caregivers who completed more than one questionnaire at different clinic visits prior to 3 years of age. We also adjusted for factors that differed between sexes, specifically race/ethnicity, birth weight percentile, and median household income. We did not find any differences in respiratory morbidities by sex in either the study population or the subset of the population that required home respiratory support (Table 3) .
Supplemental Oxygen Weaning
Using Kaplan-Meier methodology, we found that males and females differed by age in which they weaned off supplemental oxygen supplied by nasal cannula (Fig. 1A) . Of the 168 subjects who received supplemental oxygen at home, 136 had oxygen discontinued at the time of analysis. All 168 individuals were used for timeto-weaning analysis, including the use of censored data for 21 subjects who were still on oxygen at the time of analysis, and 11 who were lost to follow-up prior to oxygen discontinuation. Females tended to be weaned from supplemental oxygen over 3 months later (median age: 14.6 months) than males (median age: 11.4 months; log rank P ¼ 0.028).
Gender/Race Ethnicity
We also wished to assess whether there were differences in demographics and clinical outcomes by race/ ethnicity. Overall, the non-white females presenting to BPD clinic tended to be born at earlier gestational ages with lower birth weights and birth weight percentiles, especially compared to white males (Table 1) . Although there were no differences by gender, non-whites tended to have lower estimated median household incomes and a longer initial NICU admission, and were more likely to be covered by public insurance and prescribed inhaled corticosteroids. Using logistic regression clustered by subject and adjusted for factors that differed between the groups (gestational age, birth weight percentile, median household income, insurance status, and prescription of inhaled corticosteroids), we found no differences between the groups (non-white females, non-white males, white females) and the reference group (white males) in terms of respiratory morbidities. Although female children weaned off supplemental oxygen later than males, we found no difference in age of weaning supplemental oxygen by race/ethnicity (Fig. 1B) .
DISCUSSION
In this study, the prevalence of male children attending an outpatient BPD clinic was significantly higher than females nevertheless both males and females had similar respiratory morbidities during the first 3 years of life. Females with BPD were more likely to have lower birth weights and lower birth weight percentiles compared to males. In addition, females receiving home respiratory support were more likely to receive enteral tube feedings and to be weaned off supplemental oxygen significantly, later than males on home respiratory support. Findings from this study suggest that although males had a higher prevalence of BPD in the outpatient setting, there were no gender differences with respect to respiratory morbidities after initial hospital discharge during the preschool years. Furthermore, females that required respiratory support after initial hospital discharge were more likely to receive supplemental nutrition and require supplemental oxygen for a greater period of time than males.
Preterm males have previously been reported to have a higher incidence of pulmonary morbidity compared to females during initial hospitalization. 10, 22 In this study, we found that the majority of infants presenting to an outpatient BPD clinic were male, consistent with the higher prevalence of BPD in male infants reported in the literature. 23 Nevertheless, we found that females and males with BPD had similar respiratory outcomes during the first 3 years of life with regard to acute care usage including ER visits, hospitalizations and antibiotic use for respiratory conditions. Of interest was our finding that females with BPD who presented to their first visit on supplemental oxygen were weaned off supplemental oxygen significantly later than males with BPD. Compared to males of similar gestational age, female infants who required supplemental oxygen at their initial outpatient clinic visit were more likely to have lower birth weight percentiles. Among females, race did not account for lower birth weight percentiles and no difference in birth weight percentiles were found between white and non-white females with BPD. Taken together, these findings suggest that a lower birth weight percentile in females with the diagnosis of BPD may be a risk factor for requiring supplemental oxygen after initial hospital discharge. Animal studies have shown an association between intrauterine growth retardation and impaired alveolar growth. 24 Indeed, an interpretation of our results suggest that a lower birth weight percentile as a contributing factor to BPD severity, may disproportionately affect preterm females who may otherwise be relatively protected due to other factors. This was also supported by our finding that females requiring respiratory support in the outpatient setting were more likely to require supplemental oxygen for a longer duration compared to males. Future prospective studies are needed to examine the relationship between gender, birth weight percentile, growth curve after birth and need for supplemental oxygen and postnatal lung growth in infants with BPD after initial discharge from the hospital.
There are limitations to the study. This study focused on respiratory outcomes in children with BPD in the outpatient settings during the first 3 years of life. The respiratory outcomes of children with BPD who attend a single-center disease specific clinic may not be representative of all outpatient children with BPD. Other limitations include the primarily urban population served by our tertiary care center, which may increase the severity of cases that were referred to the BPD clinic, and we also included infants born at up to 36 weeks gestation, who may not have similar lung disease to that of very preterm infants. Our results may not be also generalizable to children who live in a geographical area that does not have a BPD clinic. The questionnaire used for this study is not validated; however, no validated questionnaires to assess respiratory outcomes in this population exist. Finally, the acute respiratory outcomes reported in this study were based on questionnaires that may be subject to recall bias. Limited published data suggest that hospital admissions and antibiotic use may be underestimated on questionnaires, thus if anything, our results are biased towards the null. 25, 26 Questions regarding chronic symptoms were based on familial observations over the past week prior to the clinic and less subject to recall bias.
In conclusion, while the literature and our own data would suggest that males are more likely to develop BPD than females, once having developed BPD, we found no difference in respiratory morbidities among female and male children with BPD following initial hospital discharge during the first 3 years of life. We did however, find that female infants with BPD who presented to an outpatient BPD clinic were more likely to have lower birth weight percentiles and to be weaned from supplemental oxygen at a later age than male infants.
